what is known already: Obesity worsens the clinical features of PCOS and women with PCOS have an elevated prevalence of overweight and obesity. It is not known whether there is a contribution of lifestyle factors such as dietary intake, physical activity or sedentary behaviour to the elevated prevalence of obesity in PCOS. study design, size, duration: This study is a population-based observational study with data currently collected at 13 year followup. The study commenced in 1996. For this analysis, data are analysed at one time point corresponding to the Survey 5 of the cohort in 2009. At this time 8200 participants remained (58% retention of baseline participants) of which 7466 replied to the questionnaire; 409 self-reported a diagnosis of PCOS and 7057 no diagnosis of PCOS. main results and the role of chance: Mean BMI was higher in women with PCOS compared with non-PCOS (29.3 + 7.5 versus 25.6 + 5.8 kg/m 2 , P , 0.001). Women with PCOS reported a better dietary intake (elevated diet quality and micronutrient intake and lower saturated fat and glycaemic index intake) but increased energy intake, increased sitting time and no differences in total physical activity compared with non-PCOS. PCOS status, higher energy intake and glycaemic index and lower physical activity, as well as age, smoking, alcohol intake, occupation, education and country of birth, were independently associated with BMI.
Introduction
Polycystic ovary syndrome (PCOS) affects up to 18% of reproductiveaged women (March et al., 2010) and is associated with reproductive (hyperandrogenism, menstrual irregularity, anovulation, infertility, pregnancy complications), metabolic (elevated risk factors for type 2 diabetes mellitus and cardiovascular disease and elevated prevalence of type 2 diabetes mellitus and cardiovascular disease) and psychological characteristics (worsened quality of life and elevated prevalence of anxiety and depression; Teede et al., 2011) . Insulin resistance is a pathophysiological feature of PCOS and is proposed to be mechanistically distinct (or intrinsic) from obesity-associated insulin resistance. Insulin resistance present in the majority of women with PCOS, including lean women (Dunaif et al., 1989) , and worsens the clinical presentation. Weight gain further compounds insulin resistance (Erdmann et al., 2008) . Given the association between insulin resistance, obesity and the presentation of PCOS, weight management is a key initial treatment strategy for PCOS and improves the reproductive, metabolic and psychological features .
There is emerging evidence that women with PCOS have an elevated risk of being overweight and obese and have increased longitudinal weight gain compared with community controls (Teede et al., 2013) . A recent meta-analysis has reported increased prevalence of overweight or obesity [1.95 risk ratio; 95% confidence interval (CI) 1.52 -2.50] for women with PCOS compared with controls (Lim et al., 2012) . We have proposed that there is a bidirectional interaction between PCOS and weight with PCOS driving weight gain and weight gain contributing to an increased prevalence and severity of PCOS (Teede et al., 2013) . Indeed, women with PCOS may have specific physiological or intrinsic barriers to maintaining a healthy weight such as insulin resistance, hyperinsulinaemia and hyperandrogenism, which can contribute to weight or abdominal fat gain ( , Pasquali, 2006 , reduce energy expenditure and increase food intake (Felig, 1984; Welle et al., 1988; FranssilaKallunki and Groop, 1992; Robinson et al., 1992; Carlson and Campbell, 1993; Kersten, 2001; Moran et al., 2004; Hirschberg et al., 2004; Georgopoulos et al., 2008; Ryan et al., 2008) . Women with PCOS may additionally have altered energy balance caused by extrinsic factors, supported by reports of reduced physical activity (Eleftheriadou et al., 2012) and increased intake of high glycaemic index foods compared with controls (Douglas et al., 2006) . Conversely, other research suggest no differences in energy or dietary intake such as macronutrient, micronutrient or food group intake, physical activity or muscle strength between lean or overweight women with or without PCOS (Wright et al., 2004; Douglas et al., 2006; Thomson et al., 2009) .
Given the prevalence and health burden of PCOS and the propensity to, and adverse impact of excess weight in PCOS, it is important to explore potentially modifiable extrinsic or environmental factors that may contribute to obesity in women with PCOS to guide management. The aim of this study was to examine the association of demographic variables and extrinsic factors, including diet and physical activity, with body mass index (BMI) in a large community study of women with and without diagnosed PCOS.
Materials and Methods

Study population
This study is based on data from the Australian Longitudinal Study on Women's Health (ALSWH)-a longitudinal population-based study of three age cohorts of Australia women. Women were randomly selected from the national health insurance scheme (Medicare) database, which includes almost all people who are permanent residents of Australia, with national recruitment and intentional over-sampling from rural and remote areas (Lee et al., 2005) . Further details of the methods and characteristics of the sample have been reported elsewhere (Brown et al., 1998; Lee, 2001; Powers and Loxton, 2010) . A comparison of women who participated in the baseline survey with data from women in the same age range from the Australian census of 1996 showed that the ALSWH participants were reasonably representative of the general population, although they were slightly more likely to be Australian born and to have a post school qualification when first recruited in 1996 (Brown et al., 1998; Lee et al., 2005) . The Human Research Ethics Committees of the University of Newcastle and the University of Queensland approved the study methods and informed written consent was obtained from each participant.
The current study uses data from the cohort of younger women (born 1973 -1978; n ¼ 14,779 at Survey 1) who first completed a mailed survey in 1996 (Lee et al., 2005) . For this analysis, data are from Survey 5 (2009, n ¼ 8200, 58% retention of baseline participants). We analysed data from 7466 women who completed Survey 5 and responded to the question on PCOS diagnosis ('In the last 3 years have you been diagnosed with or treated for PCOS') of which n ¼ 409 were classified as PCOS and n ¼ 7057 as non-PCOS. The analyses in this study are based on cross-sectional analysis of diet, physical activity and BMI at Survey 5 in women with and without PCOS. Variables for which there are missing data are reported in Supplemental data, Table SI. Participants were excluded who had incomplete food frequency questionnaire (FFQ) data (.10% of items missing responses; n ¼ 3) or those who reported daily energy intake of .14 700 kJ/day or ,2100 kJ/day (n ¼ 160). No specific inclusion or exclusion criteria were applied to this cohort and all women were included irrespective of pregnancy, medication, country of birth and language spoken.
Anthropometric and demographic variables
Self-reported height, weight and BMI were reported with overweight and obesity defined by the World Health Organization criteria (BMI ≥ 25 kg/ m 2 for overweight and obesity, BMI ≥ 30 kg/m 2 for obesity; WHO, 2000) . Demographic variables including parity, education, occupation and Association of diet, exercise and BMI in PCOS income were collected at Survey 5 and area of residence was measured at Survey 1.
Dietary intake and physical activity
At Survey 5, self-reported dietary intake data were collected from the Dietary Questionnaire for Epidemiological Studies (DQES) Version 2, an FFQ developed by The Cancer Council of Victoria previously validated in young Australian women (Hodge et al., 2000) . The DQES collects information regarding frequency of consumption of 80 food and beverage items utilizing a 10-point frequency scale ('never' to 'three or more times per day') over the previous 12 months and 10 additional questions on fruit, vegetable, sugar, eggs, milk, cheese, bread and fat spread consumption. Portion size photographs were provided to adjust the portion size. Nutrient intakes were calculated using Australian food composition data (Lewis et al., 1995) . A diet quality index was calculated using the previously described dietary guidelines index (DGI) (McNaughton et al., 2008 (McNaughton et al., , 2009 Each component was scored from 0 to 10 with 10 indicating an optimal intake. The total score was the sum of 13 indicators with the DGI having a possible range of 0 -130 with a higher score indicating increased compliance with the dietary guidelines. Nutrients were analysed as mean intakes. Intakes of micronutrients, diet quality, glycaemic index, glycaemic load, fibre, cholesterol, sodium and alcohol were adjusted for energy intake using the nutrient density method as recommended in validation studies (Willett, 2001) . Physical activity data were recorded by self-reported recall and collected on frequency and duration of a variety of leisure time and active transport activities, including walking briskly (for recreation or exercise or to get to or from places), moderate-intensity leisure-time physical activity (like social tennis, moderate exercise classes, recreational swimming, dancing) and vigorous-intensity leisure-time physical activity (that makes you breathe harder or puff and pant) in the last week, for activities lasting 10 min or more. Physical activity was calculated as the sum of the products of total weekly minutes in each of the three categories of physical activity and the metabolic equivalent value (MET) assigned to each category: [(walking minutes × 3.0 METs) + (moderate-intensity physical activity minutes × 4.0 METs) + (vigorous-intensity physical activity minutes × 7.5 METs). Outliers were truncated at 28 h/week for total physical activity. Sedentary activity was calculated based on sitting time which was assessed with the following question: 'How many hours in total do you typically spend sitting down while doing things like visiting friends, driving, reading, watching television, or working at a desk or computer?': (a) on a usual weekday; and (b) on a usual weekend-day. This is similar to that used in the International Physical Activity Questionnaire which has been shown to be valid and reliable (Rosenberg et al., 2008) .
Statistical analysis
Data are reported as mean + SD or median + interquartile range (IQR) as documented and were analysed using Stata software version 11.2 (StataCorp, TX, USA). Prior to analysis, the normality assumptions of the data were examined. Univariate regression analyses were used to compare continuous variables and x 2 tests were used to compare categorical variables between populations. Variables significant at a , 0.05 in the univariable analysis or based on hypothesis testing as being potentially associated with BMI as the primary outcome were included in the multivariable regression analysis. Multivariable linear regression analysis was used to examine the independent predictors of BMI at Survey 5. The interaction of PCOS status and energy intake was assessed for BMI. Analyses were conducted using survey commands for analysing data weighted by area of residence to adjust for the deliberate over-sampling in rural and remote areas.
Results
Participant characteristics
Participant characteristics are reported in Table I . The women with PCOS were younger, and were more likely to not have children than those without PCOS. The women with PCOS also reported a higher BMI than women without PCOS, with a different BMI distribution (a higher proportion in the obese and a lower proportion in the healthy BMI categories).
Dietary intake and physical activity
The dietary intake and physical activity levels of the participants are reported in Tables I and II . Women with PCOS had a better diet quality as indicated by a higher diet quality score and higher energy, fibre, folate, iron, calcium, magnesium, niacin, phosphorus, potassium, sodium, vitamin E and zinc intake and lower percentage energy from saturated fat intake, glycaemic index and retinol intake than women without PCOS. Analyses adjusted for mean intake and energy adjusted intake gave very similar results, except differences in the levels of sodium (P ¼ 0.764), folate (P ¼ 0.119), calcium (P ¼ 0.503), zinc (P ¼ 0.217), niacin (P ¼ 0.210) and potassium (P ¼ 0.056) between women with and without PCOS were no longer statistically significant (data not reported). Women with PCOS reported greater sitting time than women without PCOS. No differences in overall reported physical activity levels between women with and without PCOS were observed.
Associations of demographic factors, dietary intake and physical activity with BMI
The independent associations of demographic variables, dietary intake and physical activity with BMI are reported in Table III . In univariable analysis, PCOS status, age, physical activity, energy intake, alcohol intake, country of birth, education, occupation, % fat, % protein, % carbohydrate, glycaemic index and smoking status were all associated with BMI. In multiple variable analyses, PCOS status remained independently associated with an increased BMI. A 1000 MET/min increase in physical activity was associated with a 0.42 kg/m 2 decrease in BMI and a 1000 kJ increase in energy intake was associated with a 0.44 kg/m 2 increase in BMI. Increased age, higher glycaemic index, lower alcohol intake and smoking status also remained independently associated with increased BMI. Women born in Asia were more likely to have lower BMI than women born in Australia, women with a degree or higher were more likely to have a lower BMI than women with no formal education and associate professionals were more likely to have a higher BMI than professionals. There was no evidence of any interaction between BMI and energy intake by PCOS status (b ¼ 0.00013, 95% CI 20.00002 to 0.0005, P ¼ 0.5).
Discussion
Here we confirm prior reports of greater weight and a greater prevalence of overweight and obesity in women with PCOS compared with controls and an independent association of PCOS status with BMI (Glueck et al., 2003; Teede et al., 2013) . We advance our knowledge in this field by reporting in a large population-based cohort of women using detailed dietary and physical activity assessment tools that women with PCOS had a better dietary intake as reflected by improved diet quality, lower saturated fat and glycaemic index intake and higher fibre and micronutrient intake, but a higher energy intake and increased amount of sedentary time compared with controls. We report here for the first time that diet quality was marginally better in women with PCOS compared with controls. This occurred despite a greater energy intake for the women with PCOS in contrast to prior reports (Douglas et al., 2006; Colombo et al., 2009; Altieri et al., 2012) . As reported in general population data, this better diet quality was characterized by greater fibre and micronutrient intake and less saturated fat intake (McNaughton et al., 2008) although we note the modest magnitude of these differences between women with PCOS. We also note that overall both women with and without PCOS had high saturated fat levels ( 15% of total energy) compared with dietary recommendations (U.S. Department of Agriculture and U.S. Department of Health and Human Services, 2010). Diet quality is a global assessment of dietary intake and inversely associated with an unfavourable metabolic risk profile and higher risk of all cause and chronic disease mortality (McNaughton et al., 2009; Wirt and Collins, 2009 ). However, a 10 unit greater DGI has been associated with lower systolic blood pressure (0.53 mmHg), total cholesterol (0.042 mmol/l), fasting glucose (0.003 mmol/l) and insulin levels (0.014 U/l; McNaughton et al., 2009 this study is likely to be of minimal clinical relevance. Women with PCOS reported more optimal fibre, micronutrient, glycaemic index and saturated fat intake. This is consistent with previous studies that have reported reduced % fat and higher fibre intake independent of energy intake for women with PCOS (Altieri et al., 2012) . Conversely, prior conflicting reports have noted no differences in macronutrient, micronutrient and glycaemic index (Douglas et al., 2006; Colombo et al., 2009) , greater intakes of high glycaemic index foods, fat, animal fat, saturated fat or cheese intake and less fibre intake (Wild et al., 1985; Douglas et al., 2006; Colombo et al., 2009; Altieri et al., 2012) in women with or without PCOS. These discrepancies may be explained by methodological differences across the studies, including smaller sample sizes (n ¼ 294 maximum), predominantly clinic-based populations and varying dietary intake assessment.
Our finding of better dietary intake in PCOS may indicate increasing recognition and uptake of healthy lifestyle recommendations for management of PCOS from national and international guidelines and position statements (Moran et al., 2009; Teede et al., 2011) . Of note, the observed better dietary intake occurred despite elevated BMI and reported energy intake for PCOS compared with controls. Indeed, the improved dietary intake for PCOS, in this study, may be partially related to higher food quantity as indicated by the removal of significant differences between women with and without PCOS for some micronutrients on when analyses were adjusted for energy intake. This is in contrast to some, but not all, studies where reduced energy intake was associated with improved dietary quality in the general population and higher fat, saturated fat and sugar intake were associated with elevated energy intake in PCOS (McNaughton et al., 2008; Wolongevicz et al., 2010; Barr et al., 2011) . This may indicate that women with PCOS are receptive to education to optimize dietary intake but do not adequately translate education with respect to appropriate portion sizes.
We report here for the first time that sedentary behaviour, as assessed by sitting time, is increased in women with PCOS. Sedentary behaviour is being increasingly recognized, in addition to total physical activity, as a contributor both to elevated adiposity and to obesity-associated metabolic diseases such as type 2 diabetes mellitus (Hu et al., 2003) . The clinical implications of the 0.5 h/day greater sitting time for women with PCOS remain unclear. We note that prior research suggested that each 2 h/day increment in TV watching is associated with a 23% increase in obesity and 14% increase in type 2 diabetes risk (Hu et al., 2003) . Given the increase in obesity and obesity-associated metabolic diseases in PCOS, sedentary behaviour provides an additional therapeutic target for lifestyle interventions in PCOS. We confirm some (Wright et al., 2004; Teede et al., 2013) but not all reports (Wild et al., 1985; Eleftheriadou et al., 2012) of no difference in total physical activity between women with and without PCOS. Research in PCOS has primarily focused on modification of dietary intake, although recent evidencebased guidelines for the management of PCOS have emphasized the need for specific structured physical activity advice . This suggests a greater awareness of dietary versus exercise recommendations for PCOS. Preliminary findings also indicate reduced cardiopulmonary capacity as a marker of fitness and potential physical activity tolerance (Orio et al., 2006) in women with PCOS compared with weight or BMI-matched controls. This may indicate physiological or psychological barriers to uptake of optimal physical activity recommendations. Optimizing dietary intake, physical activity and sedentary behaviour will improve the success of weight management programmes in PCOS and thus focusing on all these factors in future interventions is clearly warranted. We confirm here that PCOS is independently associated with BMI (Teede et al., 2013) . Lifestyle variables independently associated with BMI for all women included higher energy intake and lower physical activity levels, as would be expected through modulating energy balance. As previously reported, elevated glycaemic index (Murakami et al., 2007) and lower alcohol intake were also associated with elevated BMI (Murakami et al., 2007) . However, we report here no associations between diet quality and BMI in contrast to prior reports of diet quality being associated with the development of overweight and obesity (Wolongevicz et al., 2010) . As a primary contributor to adiposity, we observed no interaction between energy intake and PCOS status on BMI. This indicates energy intake is a similar independent predictor of . adiposity for women both with and without PCOS. Given the subtle improvements in dietary intake, modest increase in sedentary behaviour and similar total physical activity for women with PCOS, elevated adiposity in PCOS may not be related to adverse lifestyle behaviours. It is possible that women with PCOS have a greater tendency to elevated adiposity due to intrinsic hormonal aberrations, including insulin resistance and hyperandrogenism ( , Felig, 1984 Franssila-Kallunki and Groop, 1992; Robinson et al., 1992; Carlson and Campbell, 1993; Welle et al., 1988; Kersten, 2001; Moran et al., 2004; Hirschberg et al., 2004; Pasquali, 2006; Georgopoulos et al., 2008; Ryan et al., 2008) . Alternatively, obesity in PCOS may be associated with alterations in homeostatic mechanisms of weight regulation, including dysregulation of appetite control, worsened subjective hunger and satiety and gut hormone regulation (Moran et al., 2004) or a reduced resting metabolic rate (Georgopoulos et al., 2008) and thermic effect of food (Robinson et al., 1992) . Further research is needed to elucidate these mechanisms. The strengths of this study include the community-based nature of the sample which minimizes selection bias to include women with a variety of clinical presentations. The majority of research in PCOS examines clinicbased populations. Owing to the well-recognized association between adiposity and the features of PCOS, this may indicate a population with worsened reproductive, metabolic or psychological features, and a potential bias towards the women with PCOS being more overweight as reported by Ezeh et al. (2013) , who note greater BMI and clinical and biochemical hyperandrogenism for women with clinic referred PCOS compared with population diagnosed PCOS. The weaknesses of this study include the self-reported diagnosis of PCOS and the women not reporting PCOS not having their control status clinically verified which is likely to underrepresent the PCOS population and contribute to the lower prevalence of PCOS observed here than in prior studies (March et al., 2010) . In the young ALSWH cohort, PCOS status was ascertained at 10 and 13 years following recruitment (Surveys 4 and 5). It is therefore not possible to assess PCOS incidence due to the uncertain timing of PCOS diagnosis. Because of the study design, we are also unable to determine if lifestyle behaviours contributed to the PCOS diagnosis or were altered in response to diagnosis and report here only associations between dietary and physical activity variables and adiposity. In future studies, prospective longitudinal follow-up is warranted to assess the causality of relationships. We also note the 58% retention of participants in this study compared with baseline levels 13 years prior which may indicate bias and limit generalizability. However, prior research in this cohort has reported no differences between completors and noncompletors indicating a likely minimal effect of attrition on outcomes (Powers and Loxton, 2010) .
In conclusion, we report novel data showing that PCOS is independently associated with elevated BMI which may be partially attributable to higher energy intake and sedentary time in PCOS. In contrast, women with PCOS had a subtly better dietary intake and no differences in physical activity compared with controls. Independent predictors of adiposity in women with and without PCOS included elevated energy intake and glycaemic index and lower physical activity levels, highlighting future targets for lifestyle interventions in PCOS. These findings have implications for the pathophysiology of obesity development and management in PCOS.
Adequately powered randomized controlled trials are needed to advise practice on optimal lifestyle management in PCOS.
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